Measurements of hippocampal formation atrophy using MRI have been useful in distinguishing demented patients with a diagnosis of probable Alzheimer's disease from cognitively normal controls. To determine whether there is a similar relationship between hippocampal size and dementia in elderly patients suspected of normal pressure hydrocephalus (NPH), the authors obtained mini-mental status examination (MMSE) scores and MRI measurements of hippocampal size and CSF volume on 16 elderly patients whose severe ventriculomegaly and unexplained gait impairment made NPH a probable diagnosis. Hippocampal size correlated strongly with MMSE score (r = 0 75, p < 0.001); no significant MMSE correlation was found for ventricular CSF volume or extraventricular/ventricular CSF ratio. It was concluded that hippocampal atrophy is associated with severe cognitive dysfunction in many elderly patients with a diagnosis of NPH. As a hypothesis for further investigation, the detection of such atrophy may help identify cases where the presence of a pathology of Alzheimer's disease complicates the diagnosis of NPH.
Normal pressure hydrocephalus (NPH) is often difficult to diagnose in older patients. When The modulus images from the axial inversion recovery sequence were used to measure ventricular and extraventricular CSF volumes. These images effectively suppressed signal from all intracranial tissue except CSF (CSF:brain contrast = 36:1). Using proprietary region analysis software and a mousedriven cursor, the authors defined the intracranial margin and separated ventricular from extraventricular CSF on each slice. In addition, regions containing pure (non-partial volumed) CSF were drawn at the centres of the lateral ventricles. Using a modification of the technique originally proposed by Condon et al,12 the summed total signal intensity for the ventricular and extraventricular regions was then divided by the mean signal intensity of the pixels containing pure CSF to calculate total CSF volumes for both compartments. This technique is insensitive to partial volume related sources of error and permits volume recovery accuracies in the range 3-5%.13
The coronal Ti slices depicting the body of the hippocampus from just behind the hippocampal head to the level of the posterior pulvinar were used to measure the size of the hippocampus. For each slice, the right and left hippocampal formation (HF) was outlined using anatomical boundaries consistent with those used by Jack et al7 ( Values are mean(SD). * p < 0 001. of the calvarium and the tentorium cerebelli. The mean HF pixel count per slice was divided by the corresponding mean SV pixel count to compute an index of hippocampal size nonnalised for intersubject intracranial volume variability. Mean SV was also used to normalise the CSF volumes derived from the inversion recovery data. All region analysis was performed retrospectively without knowledge of the subject's clinical status.
Results
As there were no significant differences between right and left hippocampal sizes (t = 0-36, p > 0 80), the mean value for both hemispheres combined is reported. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] (1 00) disease as a cause of dementia in the elderly makes it probable that many of the demented patients in the present sample could be suffering from this diagnosis.
It is recognised that elderly patients with dementia and gait impairment may have Alzheimer's disease even if they also meet conventional radiographic criteria for the diagnosis of NPH.IA As NPH patients with concomitant pathology of Alzheimer's disease may respond less favourably to ventricular shunting than patients with "pure" NPH, a technique for accurately distinguishing between these two conditions could significantly facilitate clinical decision making. Although postmortem validation is needed to determine whether hippocampal size measurements may provide such a technique, the hypothesis that hippocampal atrophy can identify the presence of Alzheimer's disease in patients suspected of NPH may have implications that are amenable to clinical investigation. For example, such atrophy should be rare in younger NPH patients who are at less risk for Alzheimer's disease. Furthermore, many NPH patients are believed to manifest a "subcortical" profile of psychological abnormalities characterised by mental slowing and apathy, rather than the more "cortical" deficits of aphasia and dyspraxia commonly noted in Alzheimer's disease.' NPH patients with hippocampal atrophy might therefore tend to exhibit features of "cortical dementia", whereas patients without such atrophy may more closely resemble the "subcortical" pattern. Finally, shunt outcome studies would be expected to reveal a poorer response for patients with hippocampal atrophy. Future investigations examining these and other issues will help determine the clinical use of hippocampal size measurements in the evaluation of patients with NPH.
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